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(57) ABSTRACT 

The present invention is directed to a novel product and 
method for isolating ectoparasite saliva proteins, and a novel 
product and method for detecting and/or treating allergic 
dermatitis in an animal. The present invention includes a 
saliva protein collection apparatus capable of collecting 
ectoparasite saliva proteins substantially free of contaminat 
ing material. The present invention also relates to ectopara 
site saliva proteins, nucleic acid molecules having sequences 
that encode such proteins, and antibodies raised against such 
proteins. The present invention also includes methods to 
obtain such proteins and to use such proteins to identify 
animals susceptible to or having allergic dermatitis. The 
present invention also includes therapeutic compositions 
comprising such proteins and their use to treat animals 
susceptible to or having allergic dermatitis. 
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NOVEL ECTOPARASITE SALIVA PROTEINS AND 
APPARATUS TO COLLECT SUCH PROTEINS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a novel product 
and method for isolating ectoparasite saliva proteins, and a 
novel product and method for detecting and/or treating 
allergic dermatitis in an animal. 

BACKGROUND OF THE INVENTION 

[0002] Bites from ectoparasites, in particular ?eas, can 
cause a hypersensitive response in animals. In particular, 
hypersensitive responses to ?eabites is manifested in a 
disease called ?ea allergy dermatitis Hypersensitiv 
ity refers to a state of altered reactivity in Which an animal, 
having been previously exposed to a compound, exhibits an 
allergic response to the compound upon subsequent expo 
sures. Hypersensitive responses include Type I, Type II, 
Type III and Type IV hypersensitivities. Type I hypersensi 
tivity is described as IgE-mediated hypersensitivity in Which 
an allergen induces cross-linkage of IgE bound to Fc recep 
tors on the surface of mast cells. This cross-linkage results 
in the degranulation of the mast cells. Type II hypersensi 
tivity is described as antibody-mediated cytotoxic hypersen 
sitivity in Which antibodies bind to cell surface allergens 
resulting in cell destruction via complement activation. Type 
III hypersensitivity is described as immune complex-medi 
ated hypersensitivity in Which allergen-antibody complexes 
deposit in various tissues and induce in?ammatory 
responses. A delayed hypersensitive reaction includes Type 
IV hypersensitivity Which is described as a cell-mediated 
hypersensitivity in Which T lymphocytes (i.e., T cells) 
release cytokines that activate macrophages or cytotoxic T 
cells Which mediate cellular destruction. 

[0003] A Type I hypersensitive response usually occurs 
Within about 2 to 30 minutes folloWing exposure to an 
allergenic compound, Which is usually a soluble allergen. 
Type II and III responses can occur from about 2 to 8 hours 
folloWing exposure to an allergenic compound. Alterna 
tively, in a delayed hypersensitivity response, the allergic 
response by an animal to an allergenic compound typically 
is manifested from about 24 to about 72 hours after exposure 
to the compound. During the 24-hour delay, mononuclear 
cells in?ltrate the area Where the agent is located. The 
in?ltrate can include lymphocytes, monocytes, macrophages 
and basophils. Lymphokines (e.g., interferon-y) are pro 
duced Which activate monocytes or macrophages to secrete 
enZymes (e.g., proteases) Which cause tissue damage. 

[0004] Foreign compounds that induce symptoms of 
immediate and/or delayed hypersensitivity are herein 
referred to as allergens. The term “allergen” primarily refers 
to foreign compounds capable of causing an allergic 
response. The term can be used interchangeably With the 
term “antigen,” especially With respect to a foreign com 
pound capable of inducing symptoms of immediate and/or 
delayed hypersensitivity. Factors that in?uence an animal’s 
susceptibility to an allergen can include a genetic component 
and/or environmental exposure to an allergen. Animals can 
be de-sensitiZed to an allergen by repeated injections of the 
allergen to Which an animal is hypersensitive. 

[0005] FAD can have manifestations of both immediate 
and delayed-type hypersensitivity. Typically, an immediate 
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hypersensitive response in an animal susceptible to FAD 
includes Wheal formation at the site of a ?eabite. Such 
Wheals can develop into a papule With a crust, representative 
of delayed-type hypersensitivity. Hypersensitive reactions to 
?eabites can occur in genetically pre-disposed animals as 
Well as in animals sensitiZed by previous exposure to 
?eabites. 

[0006] Effective treatment of FAD has been dif?cult if not 
impossible to achieve. FAD af?icts about 15% of cats and 
dogs in ?ea endemic areas and the frequency is increasing 
each year. In a geographical area, effective ?ea control 
requires treatment of all animals. One treatment investiga 
tors have proposed includes desensitiZation of animals using 
?ea allergens. HoWever, reliable, de?ned preparations of ?ea 
allergens are needed for such treatments. 

[0007] Until the discovery of the novel formulations of the 
present invention, ?ea allergens responsible for FAD had not 
been clearly de?ned. Whole ?ea antigen preparations have 
been used to diagnose and desensitiZe animals With FAD 
(Benjamini et al., 1960, pp. 214-222, Experimental Parasi 
tology, Vol. 10; Keep et al., 1967, pp. 425-426, Australian 
Veterinary Journal, Vol. 43; Kristensen et al., 1978, pp. 
414-423, Nora'. Vet-Med, Vol. 30; Van Winkle, 1981, pp. 
343-354, J. Amer AnimalHosp. Assoc., Vol. 17; HaliWell et 
al., 1987, pp. 203-213, Veterinary Immunology and Immu 
nopathology, Vol. 15; Greene et al., 1993, pp. 69-74, Para 
site Immunology, Vol. 15); PCT Publication No. W0 
93/ 18788 by Opdebeeck et al.; and Van Winkle, pp. 343-354, 
1981, J. Am. Anim. Hosp. Assoc., vol. 32. Available com 
mercial Whole ?ea extracts, however, are unpredictable and, 
therefore, have limited usefulness. 

[0008] Prior investigators have suggested that products 
contained in ?ea saliva might be involved in FAD and have 
also suggested methods to isolate such products: Benjamini 
et al., 1963, pp. 143-154, Experimental Parasitology, Vol. 
13; Young et al., 1963, pp. 155-166, Experimental Parasi 
tology 13, Vol. 13; Michaeli et al., 1965, pp. 162-170, J. 
Immunol., Vol. 95; and Michaeli et al., 1996, pp. 402-406, J. 
Immunol., Vol. 97. These investigators, hoWever, have char 
acteriZed the allergenic factors of ?ea saliva as being haptens 

having molecular Weights of less than 6 kilodaltons That they are not proteins is also supported by the ?nding 

that they are not susceptible to degradation When exposed to 
strong acids (e.g., 6 N hydrochloric acid) or heat. Some of 
the particular loW molecular Weight allergenic factors have 
also been characteriZed as being a highly ?uorescent aro 
matic fraction (Young et al., ibid.). In addition, studies by 
such investigators have indicated that in order to be aller 
genic, such factors need to be associated With adjuvants 
and/or carriers, such as collagen or portions of the mem 
brane used to collect the oral secretions. Moreover, the 
methods described to collect ?ea saliva factors Were difficult 
and unpredictable. Furthermore the factors isolated by these 
methods Were typically contaminated With material from the 
?eas, their culture medium or the skin-based membranes 
used to alloW the ?eas to feed. 

[0009] Thus, there remains a need to more clearly de?ne 
?ea saliva allergens capable of inducing a hypersensitive 
response in animals. In addition, there remains a need to 
develop a method to collect substantially pure ?ea saliva 
allergens Which provide predictable and less expensive 
preparations of allergens useful for desensitiZing animals 
subject to, or having, FAD. 
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SUMMARY OF THE INVENTION 

[0010] The present invention relates to, in one embodi 
ment, a formulation comprising at least one isolated ecto 
parasite saliva protein, in Which the ectoparasite saliva 
protein comprises at least a portion of an amino acid 
sequence, in Which the portion is encoded by a nucleic acid 
molecule capable of hybridizing under stringent conditions 
With a nucleic acid molecule that encodes a ?ea saliva 
protein present in ?ea saliva eXtract FS-1, FS-2 and/or FS-3. 
Preferred ?ea saliva proteins include fspA, fspB, fspC1, 
fspC2, fspD1, fspD2, fspE, fspF, fspG1, fspG2, fspG3, fspH, 
fspI, fspJ 1, fspJ2, fspK, fspL1, fspL2, fspM1, fspM2, fspN1, 
fspN2 and/or fspN3. In addition, the ?ea saliva protein of the 
formulation can include at least a portion of an amino acid 
sequence represented by SEQ ID NO: 1, SEQ ID NO: 2, 
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 
6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID 
NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, 
SEQ ID NO: 14, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID 
NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, 
SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID 
NO: 51, SEQ ID NO: 53, SEQ ID NO: 54 and/or SEQ ID 
NO: 56. 

[0011] Another embodiment of the present invention 
includes a formulation comprising at least one isolated 
ectoparasite saliva protein, in Which the ectoparasite saliva 
protein comprises at least a portion of an amino acid 
sequence, in Which the portion is encoded by a nucleic acid 
molecule capable of hybridizing under stringent conditions 
With a nucleic acid molecule that encodes a ?ea saliva 
protein represented as a protein peak in FIG. 2. 

[0012] One aspect of the present invention includes a 
formulation comprising an ectoparasite saliva product, in 
Which the formulation, When submitted to Tris glycine 
SDS-PAGE, comprises a fractionation pro?le as depicted in 
a FIG. 1B, lane 13 and/or FIG. 1B, lane 14. 

[0013] Yet another embodiment of the present invention 
includes a formulation comprising at least one isolated 
ectoparasite saliva product substantially free of contaminat 
ing material, the formulation being produced by a process 
comprising: (a) collecting ectoparasite saliva products on a 
collection means Within a saliva collection apparatus con 
taining ectoparasites, the apparatus comprising a housing 
operatively connected to a chamber, the chamber having an 
ambient temperature Warmer than the housing thereby form 
ing a temperature differential betWeen the housing and the 
chamber, the housing being capable of retaining ectopara 
sites, and (ii) an interface betWeen the housing and the 
chamber, the interface comprising ((a)) a means capable of 
collecting at least a portion of saliva products deposited by 
ectoparasites retained in the apparatus and a barrier 
means capable of substantially preventing contaminating 
material from contacting the collection means, in Which the 
temperature differential attracts ectoparasites retained in the 
housing to attempt to feed through the barrier means and 
collection means and, thereby, deposit saliva products on the 
collection means; and (b) extracting the saliva products from 
the collection means to obtain the formulation. Also 
included in the present invention is such an apparatus and 
use such an apparatus to produce formulations comprising 
?ea saliva products substantially free of contaminating 
material. 
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[0014] Another aspect of the present invention includes an 
isolated nucleic acid molecule capable of hybridiZing under 
stringent conditions With a gene encoding a ?ea saliva 
protein present in ?ea saliva eXtract FS-1, FS-2 and/or FS-3, 
including, but not limited to fspA, fspB, fspC1, fspC2, 
fspD1, fspD2, fspE, fspF, fspG1, fspG2, fspG3, fspH, fspI, 
fspJ1, fspJ2, fspK, fspL1, fspL2, fspM1, fspM2, fspN1, 
fspN2 and/or fspN3. In particular, the nucleic acid molecule 
is capable of hybridiZing under stringent conditions With 
nucleic acid sequence SEQ ID NO: 20, SEQ ID NO: 24, 
SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 50, SEQ ID 
NO: 52 or SEQ ID NO: 55. Also included in the present 
invention are recombinant molecules and recombinant cells 
having a nucleic acid molecule of the present invention. 

[0015] Also included in the present invention is a method 
for producing at least one ectoparasite saliva protein, com 
prising: (a) culturing a cell transformed With at least one 
nucleic acid capable of hybridiZing under stringent condi 
tions With a gene encoding a ?ea saliva protein present in 
?ea saliva eXtract FS-1, FS-2, and/or FS-3 to produce the 
protein; and (b) recovering the ectoparasite saliva proteins. 
[0016] Another aspect of the present invention includes an 
antibody capable of selectively binding to an ectoparasite 
saliva product, or mimetope thereof. 

[0017] Yet another aspect of the present invention includes 
a therapeutic composition for treating allergic dermatitis 
comprising any of the formulations disclosed herein. In 
particular, the therapeutic composition is useful for treating 
?ea allergy dermatitis, mosquito allergy dermatitis and/or 
Culicoides allergy dermatitis. Moreover, particular ?ea 
saliva proteins to include in a therapeutic composition 
include at least a portion of at least one of the folloWing ?ea 
saliva proteins: fspE, fspF, fspG1 fspG2 fspG3, fspH, fspI, 
fspJ1, fspJ2, fspK, fspL1, fspL2, fspM1, fspM2, fspN1, 
fspN2 and/or fspN3. The present invention also includes a 
method to desensitiZe a host animal to allergic dermatitis, 
comprising administering to the animal a therapeutic com 
position. 
[0018] The present invention further relates to an assay kit 
for testing if an animal is susceptible to or has allergic 
dermatitis, the kit comprising: (a) a formulation as disclosed 
herein; and (b) a means for determining if the animal is 
susceptible to or has allergic dermatitis, in Which the means 
comprises use of the formulation to identify animals sus 
ceptible to or having allergic dermatitis. 

[0019] According to the present invention, a method can 
be used to identify an animal susceptible to or having 
allergic dermatitis, the method comprising: (a) administer 
ing to a site on the animal a formulation of the present 
invention and administering to a different site on the animal 
a control solution selected from the group consisting of 
positive control solutions and negative control solutions; 
and (b) comparing a reaction resulting from administration 
of the formulation With a reaction resulting from adminis 
tration of the control solution. The animal is determined to 
be susceptible to or to have allergic dermatitis if the reaction 
to the formulation is at least as large as the reaction to the 
positive control solution. The animal is determined not to be 
susceptible to or not to have allergic dermatitis if the 
reaction to the formulation is about the same siZe as the 
reaction to the negative control solution. In particular, the 
method can detect immediate hypersensitivity and/or 
delayed hypersensitivity. 
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[0020] Also according to the present invention, a method 
can be used to identify an animal susceptible to or having 
allergic dermatitis by measuring the presence of antibodies 
indicative of allergic dermatitis in the animal, the method 
comprising: (a) contacting a formulation of the present 
invention With a body ?uid from the animal under conditions 
sufficient for formation of an immunocomplex betWeen the 
formulation and the antibodies, if present, in the body ?uid; 
and (b) determining the amount of immunocomplex formed, 
in Which formation of the immunocomplex indicates that the 
animal is susceptible to or has allergic dermatitis. In par 
ticular, the method can be used to detect IgE antibodies as 
an indicator of immediate hypersensitivity in the animal. 

[0021] The present invention also includes a method for 
prescribing treatment for allergic dermatitis, comprising: (a) 
identifying an animal that is susceptible to or has allergic 
dermatitis by an in vivo or in vitro assay comprising a 
formulation of the present invention; and (b) prescribing a 
treatment comprising administering formulation of the 
present invention to the animal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1A illustrates the resolution of ?ea saliva 
proteins by reducing 16% Tris glycine SDS-PAGE. 

[0023] FIG. 1B illustrates the resolution of ?ea saliva 
proteins, FS-1 and FS-2 by reducing 16% Tris glycine 
SDS-PAGE. 

[0024] FIG. 1C illustrates the resolution of fspN by reduc 
ing 16% Tris glycine SDS-PAGE. 

[0025] FIG. 2 illustrates the resolution of ?ea saliva 
proteins using high pressure liquid chromatography. 

[0026] FIG. 3 illustrates the peaks obtained from reverse 
phase HPLC resolution of proteolytic fragments of fspH 
protein digested With Endoproteinase Asp-N. 

[0027] FIG. 4A illustrates a cross-section of a ?ea saliva 
collection apparatus of the present invention. 

[0028] FIG. 4B illustrates a bloW-out of a ?ea saliva 
collection apparatus of the present invention. 

[0029] FIG. 5 illustrates the relative siZe of Wheals pro 
duced 15 minutes after injection of various ?ea saliva 
protein formulations into ?ea-sensitiZed dogs. 

[0030] FIG. 6 illustrates the relative induration of Wheals 
6 hours after injection of various ?ea saliva protein formu 
lations into ?ea-sensitiZed dogs. 

[0031] FIG. 7 illustrates the relative erythema of Wheals 6 
hours after injection of various ?ea saliva protein formula 
tions into ?ea-sensitiZed dogs. 

[0032] FIG. 8 illustrates the relative induration of Wheals 
24 hours after injection of various ?ea saliva protein for 
mulations into ?ea-sensitiZed dogs. 

[0033] FIG. 9 illustrates the relative erythema of Wheals 
24 hours after injection of various ?ea saliva protein for 
mulations into ?ea-sensitiZed dogs. 

[0034] FIG. 10 depicts ELISA results measuring anti-?ea 
saliva IgE antibodies in the sera of ?ea sensitiZed dogs. 
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[0035] FIGS. 11A and 11B depict ELISA results measur 
ing anti-?ea saliva IgE antibodies in the serum of a ?ea 
sensitiZed dog and the lack thereof in heartWorm infected 
dogs. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] The present invention includes a novel product and 
method for diagnosing and treating allergic dermatitis of 
animals to ectoparasites. The invention is particularly 
advantageous in that it provides for a unique formulation of 
ectoparasite saliva products suf?ciently free of contaminants 
such as blood proteins, fecal material and larval culture 
medium, to be useful in diagnosis and therapy of allergies 
caused by ectoparasites. In addition, the present invention 
includes ectoparasite saliva products having other activities, 
important, for example, in a ?ea’s ability to feed and/or 
counteract a host’s resistance to ?eas, such as products 
having clotting, anti-coagulant, protease, phospholipase, 
prostaglandin, anti-complement, other immunosuppressant, 
phosphatase, apyrase, vasoactive, and/or anti-in?ammatory 
activities. Included among ?ea saliva products are products, 
such as, but not limited to, proteases, that are regurgitated by 
the ?ea that originated in other organs, such as, but not 
limited to, the midgut. 

[0037] The invention is also particularly advantageous in 
that it provides an apparatus and method for reproducibly 
and efficiently isolating ectoparasite saliva products substan 
tially free of contaminating material. 

[0038] According to the present invention, ectoparasites 
are external living parasites that attach and feed through the 
skin of a host animal. Ectoparasites include parasites that 
live on a host animal and parasites that attach temporarily to 
an animal in order to feed. Also, according to the present 
invention, ectoparasite saliva refers to the material released 
from the mouth of an ectoparasite When the ectoparasite 
attempts to feed in response to a temperature differential, 
such as exists in an apparatus of the present invention. 
Ectoparasite saliva includes ectoparasite saliva products. 
Ectoparasite saliva products of the present invention com 
prise the portion of ectoparasite saliva bound to a collecting 
means of the present invention (described in detail beloW), 
herein referred to as ectoparasite saliva components. As 
such, ectoparasite saliva products also include the portion of 
ectoparasite saliva extracted from a collecting means of the 
present invention, herein referred to as ectoparasite saliva 
extract. Included in ectoparasite saliva extracts are ectopara 
site saliva proteins Which can be isolated using, for example, 
any method described herein. Ectoparasite saliva extracts of 
the present invention can also include other ectoparasite 
saliva products, such as, prostaglandins and other pharma 
cologically active molecules. 

[0039] One embodiment of the present invention is a 
formulation that contains ectoparasite saliva products that 
can be used to diagnose and/or treat animals susceptible to 
or having (i.e., suffering from) allergic dermatitis. Preferred 
types of allergic dermatitis to diagnose and/or treat using 
ectoparasite saliva products of the present invention include 
?ea allergy dermatitis, Culicoides allergy dermatitis and 
mosquito allergy dermatitis. A preferred type of allergic 
dermatitis to diagnose and/or treat using ectoparasite saliva 
products of the present invention is ?ea allergy dermatitis. 
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As used herein, an animal that is susceptible to allergic 
dermatitis refers to an animal that is genetically pre-disposed 
to developing allergic dermatitis and/or to an animal that has 
been primed With an antigen in such a manner that re 
eXposure to the antigen results in symptoms of allergy that 
can be perceived by, for example, observing the animal or 
measuring antibody production by the animal to the antigen. 
As such, animals susceptible to allergic dermatitis can 
include animals having sub-clinical allergic dermatitis. Sub 
clinical allergic dermatitis refers to a condition in Which 
allergy symptoms cannot be detected by simply observing 
an animal (i.e., manifestation of the disease can include the 
presence of anti-ectoparasite saliva protein antibodies Within 
an affected animal but no dermatitis). For eXample, sub 
clinical allergic dermatitis can be detected using in vivo or 
in vitro assays of the present invention, as described in detail 
beloW. Reference to animals having allergic dermatitis 
includes animals that do display allergy symptoms that can 
be detected by simply observing an animal and/or by using 
in vivo or in vitro assays of the present invention, as 
described in detail beloW. 

[0040] One embodiment of the present invention is a 
formulation that includes one or more isolated ectoparasite 
saliva proteins. According to the present invention, an 
isolated protein is a protein that has been removed from its 
natural milieu. An isolated ectoparasite saliva protein can, 
for eXample, be obtained from its natural source, be pro 
duced using recombinant DNA technology, or be synthe 
siZed chemically. As used herein, an isolated ectoparasite 
saliva protein can be a full-length ectoparasite saliva protein 
or any homologue of such a protein, such as an ectoparasite 
saliva protein in Which amino acids have been deleted (e.g., 
a truncated version of the protein, such as a peptide), 
inserted, inverted, substituted and/or derivatiZed (e.g., by 
glycosylation, phosphorylation, acetylation, myristylation, 
prenylation, palmitation, amidation and/or addition of gly 
cosylphosphatidyl inositol). Ahomologue of an ectoparasite 
saliva protein is a protein having an amino acid sequence 
that is sufficiently similar to a natural ectoparasite saliva 
protein amino acid sequence that a nucleic acid sequence 
encoding the homologue is capable of hybridiZing under 
stringent conditions to (i.e., With) a nucleic acid sequence 
encoding the natural ectoparasite saliva protein amino acid 
sequence. As used herein, stringent hybridiZation conditions 
refer to standard hybridiZation conditions under Which 
nucleic acid molecules, including oligonucleotides, are used 
to identify similar nucleic acid molecules. Such standard 
conditions are disclosed, for eXample, in Sambrook et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Labs Press, 1989. The minimal siZe of a protein 
homologue of the present invention is a siZe sufficient to be 
encoded by a nucleic acid molecule capable of forming a 
stable hybrid With the complementary sequence of a nucleic 
acid molecule encoding the corresponding natural protein. 
As such, the siZe of the nucleic acid molecule encoding such 
a protein homologue is dependent on nucleic acid compo 
sition and percent homology betWeen the nucleic acid mol 
ecule and complementary sequence as Well as upon hybrid 
iZation conditions per se (e.g., temperature, salt 
concentration, and formamide concentration). The minimal 
siZe of such nucleic acid molecules is typically at least about 
12 to about 15 nucleotides in length if the nucleic acid 
molecules are GC-rich and at least about 15 to about 17 
bases in length if they are AT-rich. As such, the minimal siZe 
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of a nucleic acid molecule used to encode an ectoparasite 
saliva protein homologue of the present invention is from 
about 12 to about 18 nucleotides in length. There is no limit, 
other than a practical limit, on the maXimal siZe of such a 
nucleic acid molecule in that the nucleic acid molecule can 
include a portion of a gene, an entire gene, or multiple genes, 
or portions thereof. Similarly, the minimal siZe of an ecto 
parasite saliva protein homologue of the present invention is 
from about 4 to about 6 amino acids in length, With preferred 
siZes depending on Whether a full-length, multivalent (i.e., 
fusion protein having more than one domain each of Which 
has a function), or functional portions of such proteins are 
desired. 

[0041] Ectoparasite saliva protein homologues can be the 
result of allelic variation of a natural gene encoding an 
ectoparasite saliva protein. A natural gene refers to the form 
of the gene found most often in nature. Ectoparasite saliva 
protein homologues can be produced using techniques 
knoWn in the art including, but not limited to, direct modi 
?cations to a gene encoding a protein using, for eXample, 
classic or recombinant DNA techniques to effect random or 
targeted mutagenesis. 

[0042] Preferred ectoparasite saliva proteins of the present 
invention, including homologues thereof, are capable of 
detecting and/or treating allergic dermatitis resulting from 
the bites of ectoparasites. A preferred ectoparasite saliva 
protein homologue includes at least one epitope capable of 
eliciting a hypersensitive response to the natural ectoparasite 
saliva protein counterpart. An ectoparasite saliva protein 
homologue can also include an epitope capable of hyposen 
sitiZing an animal to the natural form of the protein. The 
ability of an ectoparasite saliva protein homologue to detect 
and/or treat (i.e., immunomodulate or regulate by, for 
eXample, desensitiZing) the hypersensitivity of an animal 
susceptible to or having allergic dermatitis, can be tested 
using techniques knoWn to those skilled in the art. Such 
techniques include skin tests and immunoabsorbent assays 
as described in detail beloW. Additional preferred ectopara 
site saliva proteins of the present invention have other 
activities that include activities important for feeding and 
survival of the ectoparasite. 

[0043] In one embodiment, a formulation of the present 
invention can comprise a protein having at least a portion of 
an isolated ectoparasite saliva protein. According to the 
present invention, “at least a portion of an ectoparasite saliva 
protein” refers to a portion of an ectoparasite saliva protein 
encoded by a nucleic acid molecule that is capable of 
hybridiZing, under stringent conditions, With a nucleic acid 
encoding a full-length ectoparasite saliva protein of the 
present invention. Preferred portions of ectoparasite saliva 
proteins are useful for detecting and/or treating allergic 
dermatitis resulting from the bites of ectoparasites. Addi 
tional preferred portions have activities important for ?ea 
feeding and survival. Suitable siZes for portions of an 
ectoparasite saliva protein of the present invention are as 
disclosed for saliva protein homologues of the present 
invention. 

[0044] As Will be apparent to one of skill in the art, the 
present invention is intended to apply to all ectoparasites. A 
formulation of the present invention can include saliva 
products from any ectoparasites. Apreferred ectoparasite of 
the present invention from Which to isolate saliva products 




























































































































